the upper margin of the bone defect. 30 c.c. of fluid under pressure were withdrawn and 20 c.c. of oxygen injected. X-rays following this procedure showed a marked shift of the ventricles toward the side of fracturing and initial operation (right).
The left side was explored and the typical lesion found and removed. His pressure from then on remained normal and he slowly improved but was left with very severe cerebral impairment which was known to be present from the outset.
SUMMARY AND CONCLUSIONS
In this discussion the possibility of contrecoup damage in closed head injuries is emphasized.
The consistency in relationship between the site of the blow and the site of maximum cerebral damage has been borne out by post-mortem and clinical observations with occasional individual variants.
It is therefore important to determine, whenever possible, the point of imipact on the skull. If local scalp lesions or a definite history do not give this information, the fracture line, when present, gives a rough location. In the majority of cases objective signs of focal damage are not evident.
The cases described are typical of a small group out of the total number of closed craniocerebral injuries. In our series-22,out of 798 present qimilar. problems in gross pathology, diagnosis and treatment. In them the predominantly localized lesion of either the temporal or frontal lobe, after a period of from five to ten days, begins to act as a rapidly expanding space-occupying lesion by exerting local pressure on the brain adjacent to it and causing generalized increased intracranial pressure. This is not due to continued haemorrhage. The diagnosis depends first on an awareness of this type of lesion and the mechanism by which it is produced, with careful, and repeated clinical examinations. Ofttimes the first sign will be a change in the level of consciousness, which in several of our cases was recognized initially by the Sister. This alteration in the patient's course usually occurs between the fifth and tenth day after the injury.
The X-rays are valuable in demonstrating a fracture line and displacement of the pineal gland when that structure is sufficiently calcified to be visible. Occasionally it may be desirable to visualize the ventricles with oxygen.
The surgical treatment is removal of the damaged area lesion, thereby giving an internal decompression as well. This removal of destroyed brain tissue and blood clot relieves immediately the pressure on the viable but injured adjacent cortex and reduces the generally increased intracranial pressure, which, with its vicious side effects, is the arch-enemy of brain healing. [February 3, 1944] Venous Thrombosis in the Central Nervous System By J. PURDON MARTIN, M.D.
VENOUS thrombosis affecting the central nervousr. system is evidently very much less common than it used to be. MacEwan in his classical work on pyogenic diseases of the brain written fifty years ago stated that venous thrombosis was more common within the cranium than in any other place in the body. Two groups of cases were recognized -"marantic" (or wasting) and infective; Gowers, *hA knew. everything in clinical neurology, recognized also a group occurring in the puerperal state. Septic sinus thrombosis is much more widely known than aseptic. In the septic type of case the clinical picture is composed of three or four groups of symptoms: Those due to the infective state, those due to obstruction of the sinus involved and those resulting from veins draining into it, and perhaps also local signs at the site of the original infection. In the aseptic case, however, we have a better opportunity of recognizing the effects of thrombosis of sinuses and veins in their purity. The picture which results is often compounded of the signs and symptoms due to the obstruction of a sinus and those due to thrombosis of veins draining into it. However the,se groups are not necessarily combined. Sinuses may thrombys-vwithout thrombosis occurring in their entering veins, and veins may thrombose without the occurrence of sinus thrombosis or obstruction.
A sinus is in the nature of a channel receiving many veins, and is anatomically separated from the brain. In general, thrombosis of a sinus without thrombosis of associated veins on the brain produces widespread, or general, obstructive effects such as cedema or intracranial pressure. Such cases are by no means uncommon and result from ear disease or from enteritis. Among the unusual causes of sinus thrombosis that I have encountered I must mention head injuries. Holmes and Sargent described cases resulting from bullet wounds grazing the skull, but I have seen two cases due to closed head injuries, and when after such an injury the intracranial pressure becomes greatly raised, the possibility of sinus thrombosis should therefore be kept in mind. A peculiar cause of thrombosis in the cavernous sinuses which I have met with twice is the rupture of (or leakage from) an aneurysm of the carotid artery within the sinus. In each of these cases the patient became blind within a few days. The first patient recovered his sight and is said to have left hospital without any disability. The other remained completely blind; she died after a few weeks from bronchopneumonia, and the diagnosis was confirmed post mortem. The optic nerves showed gross degenerative charges.
In contrast to the sinuses the cerebral veins come into intimate relationship with the brain and notwithstanding the free anastornosis between them and the presence of alternative channels for the blood flow, thrombosis often produces surprisingly severe effects. Thrombosis of cerebral veins in the complete absence of clot in their related sinus is admittedly not common. I see, however, little reason to separate such cases from those in which the vein is obstructed by a small mural clot at its entrance into the superior longitudinal sinus and this appears to be a common site of the first thrombus. An American paper says that the first case of cerebral venous thrombosis was described by Dowman in 1926, but in the British Medical Journal of 1888, p. 1011, there is the record of one described by Scougal, and Money briefly described one in a child in 1890.
Dowman's may have been the first recorded case in which the condition was seen at operation. The Rolandic vein was very large and bluish black: it was hard to the touch and could be rolled under the fingers. The patient made a complete recovery. Also, in a case described by Davis in 1933, thrombosed veins were revealed by an exploratory craniotomy. The most striking features were the intensely blue and distended veins, which felt hard to the touch. The Rolandic vein was as large and as hard as a slate pencil, while the cortex over which it lay was grey instead of the usual pink. After exploration with a hypodermic needle the vein was opened for a length -of 1 cm., and a dark brown clot was found; an attempt was made to suck it out, but without much success. The patient died two davs later. The thrombus in the Rolandic vein was 3 cm. in length, and its upper end was evidently about 2 cm. from the junction of the vein with the superior longitudinal sinus.
The physical effects of venous thrombosis of the brain can best be appreciated by recalling the arresting picture presented by venous thrombosis in the retina. The vein is distended with dark or possibly red clot; the small tributary veins rupture, with greater or less extravasation of blood, and, what is more important, with immediate loss of function, and eventual degeneration of tissue in the territory drained by the affected vessel. Similar effects occur in the brain.
The degree of these changes depends, not only on the size of the vein affected, but also on the abruptness with which thrombosis extends and the circulation becomes impaired. Thus it may be that preceding obstruction of the sinus into which the vein drains may cause a preliminary opening-up of alternative drainage and so actually mitigate the effects of thrombosis spreading into the vein secondarily.
Clinical signs depend on the areas affected. Abrupt thrombosis of the motor area often gives rise to severe convulsive phenomena. These are often of dramatic severity and fulminating in their onset. The convulsion is likely to begin with a local sign and rapidly become generalized, and when the convulsions are over the patient is left hemiplegic. On the other hand, the onset may be much less dramatic, and the patient may become hemiplegic without any convulsion or unconsciousness, and with little, or no manifestation of shock. Why convulsions occur in some cases and not in others, we have not yet determined. Convulsions have seemed to me to be less frequent when there were signs of obstruction of the longitudinal sinus. Whether there is any correlation between convulsions and extravasation of blood we do not know. And again, convulsions may be associated with less severe destruction of nervous elements in the first instance. If the thrombosis is situated at a distance from the motor area the symptomns often appear without convulsive phenomena, e.g. with lesions in the pre-frontal area convulsions are not common, although some degree of weakness may develop, and when the lesions are posterior to the central gyri convulsions, in my experience, do not occur.
The other clinical features depend more precisely on the degree and site and extent of the damage in the cerebral tissue. The hemiplegia may be complete or partial; its greater incidence may be on the arm or on the leg; speech is rarely involved, but I have seen one instance of complete right hemiplegia with total aphasia. When veins on both sides of the longitudinal sinus are affected there may be a particular degree of spasticity and weakness in the lower limbs, as Holmes and Sargent described, and I have even seen subconvulsive spasms of extensor rigidity going on in the limbs of a comatose patient; but when thrombosis is unilateral the upper limb is usually the more affected. The visual symptoms that result from thrombosis of the more posterior veins in the superior surface of the brain are very interesting. The last of the veins ascending to the sagittal sinus lies in the parieto-occipital fissure and the angular gyrus is part of its territory. On two occasions I have seen word-blindness as part of the symptomatology and in two other instances visual disorientation. This latter svmptom if complete indicates that both sides of the brain must be involved, because each angular gyrus is concerned only with one half field. Complete visual disorientation, therefore, indicates that thrombosis has occurred on both sides of the cerebrum, and so provides a strong presumption that clot is present in the sagittal sinus. In one of my cases the patient recovered the function on one side and was then unconscious of any disability. Progntosis. The immediate prognosis is difficult. In the convulsive stage the svmptoms are alvavs very alarming, but fatalities are few. Once the convulsive stage is over recoverv from the hemiplegia may be rapid, and may be more or less comnlete in a fortnight. Exaggerated tendon-jerks, extensor plantar reflexes and some stiffness of the proximal parts of an affected limb may remain. There are, however, many cases in which recovery is very imperfect and, in fact, the most complete and most spastic hemiplegia may be left as a permanent disability. The visual symptoms present the same variability of outlook. In general it can be said that the prognosis for the recovery of function is much better than in cases of arterial thrombosis, and is, in a large proportion of cases, good. Petil mal may occur as a sequel and further thrombosis may take place even after many months.
CASES ASSOCIATED WITH CHILDBIRTH In most of the cases associated with childbirth the manifestations of thrombosis in cranial sinuses or cerebral veins develop during the puerperium and generally between four and twenty-one days after confinement. I have encountered two cases and a probable third in which the symptoms developed during pregnancy (two of these were the cases with visual disorientation), and in each instance the patient had a stillborn child, pointing to the possibility that thrombosis may have occurred first in the placenta. The reason why thrombosis, associated with childbirth, occurs within the cranium may be because of "metastases". In the vertebral canal, and winding in and out between the laminae, there is a large plexus of veins. Little attention has been paid to this plexus in the recent teaching of anatomy, but about one hundred years ago it was evidently prominent in the minds of anatomists. Bock described it in 1824; Breschet gave a new description of it in 1837; Bonamy illustrates it in "Traite d'Anatomie", (Second Edition, published in 1844); Cruveilhier a little later gave another very good description. According to Professor H. A. Harris a clear account of these veins was given by Samuel Willis in 1664 and another by Winslow in 1732. In the post-mortem room, the main vessels of this plexus are easily seen in the lower half of the vertebral canal after removal of the theca; they lie lateral to the ligamentous tissue which lines the anterior wall of the canal. In recent times Batson has injected these veins with radio-opaque material and has shown that the material passes up from the veins on the floor of the pelvis to the cranial sinuses. There is no doubt that the passage is free as far as the base of the cranium, and it is continued into the cranium by quite a number of veins of smaller size; the great occipital vein, connecting the lateral sinus; the mastoid vein similarly; other veins passing in on the back and front of the foramen magnum to enter the occipital sinuses and the basilar sinus respectively; others, azain, entering through the hypoglossal and other foramina to form similar connexions. The possibility then exists that some element may pass up by this route from the pelvis or from the lower limbs to the cranial sinuses. If something does pass up it seems most likely it is a small piece of clot, because we know that such pieces of clot are dislodged from the pelvis; they may find their way into the iliac veins, and so cause pulmonarv emboli; but pieces of meconium and other elements derived from the amniotic fluid are also said to find their way into the circulation. There are two special factors that mav be responsible for directing a fragment of clot occasionally into the vertebral veins. The first is pressure on the vena cava, or on the iliac veins, and the second is the great enlargement of the pelvic vessels during pregnancy, in which the veins on the floor of the pelvis connecting with the vertebral veins and some of the vertebral veins themselves probably share. If any element does pass up it leaves, as a rule, no trace of its passage. One of my patients, however, developed complete paraplegia two days after a septic abortion, and post mortem there was an abscess surrounding and involving the theca at the 9th dorsal vertebra and no abscess anywhere else in the body. In another case of septic abortion the only abscess was in the brain. Both of these cases suggest that septic material had passed up from the pelvis to the spinal cord and to the brain by a route which did not involve the general circulation. It seems to me probable that this route was by way of the vertebral veins, and that in non-septic cases some element of clot passes up to the cranium by the same channel.
Finally, there is the possibility of venous lesions affecting the spinal cord. I have already mentioned that one of my puerperal patients with sinus thrombosis had also a spinal lesion, and probably that lesion too was venous and thrombotic. In another case of venous thrombosis, not puerperal, the patient also had a spinal lesion (from which she made a very good recovery). It is likely that isolated lesions of the spinal cord associated with mild infectious conditions, such as boils, may be due to venous thrombosis. Dr. C. P. Symonds: It is interesting to look back into the records of cases of obscure hemiplegia and find that in some of them the diagnosis of cerebral thrombophlebitis offered the solution. Turning to the cases with increased intracranial pressure clinical observation has shown that papilloedema with a high cerebrospinal fluid pressure and an air picture of normal ventricles may follow thrombosis of the dural sinuses beginning in the lateral sinus usually from otitis, but sometimes from tonsillitis or other source of local infection; or in the superior longitudinal 'sinus from frontal sinusitis; or in the cavernous sinus. The same clinical picture may sometimes be seen in puerperal thrombophlebitis where there is no clue to the point of origin of the intracranial thrombosis.
The otitic cases are the commonest and have been most thoroughly studied. The story in those cases is usually that of lateral sinus thrombosis. The simplest explanation of increased intracranial pressure from lateral sinus thrombosis is venous engorgement resulting from obstruction of the outflow, but clinical observation in some cases fails to support this assumption. I have published examples in which the rise of cerebrospinal fluid on jugular compression was normal on both sides, and others have since been recorded. In Gardner's (1939) series of 10 cases described as otitic sinus thrombosis causing intracranial hypertension there were two in which jugular compression showed no evidence of lateral sinus obstruction, and a third in which this test was not performed but at operation, though a peri-sinus abscess was found, the lateral sinus was patent. Because of such evidence and because the same picture of increased intracranial pressure may be observed following frontal sinusitis, with visible proof of thrombosis in the anterior part of the superior longitudinal sinus, it may be that the common factor in all those cases is not obstruction to the venous outflow from the skull but impediment to the absorption of cerebrospinal fluid through the arachnoid villi. In order to produce this effect the superior longitudinal sihus need not necessarily be obstructed; mural thrombophlebitis without obstruction might be sufficient. A specimen which I obtained in August 1939 through the kindness of Mr. R. J. Cann of Guy's Hospital offered the chance of testing this hypothesis, A woman, aged 20, was admitted to hospital with a history of acute right earache three weeks previously. A week later she began to have severe generalized headaches. A week after this the right ear discharged, the earache diminished but the headache continued and she became increasingly drowsy. On admission she could just be roused: there was bilateral papillsedema with no localizing signs. The right auditory meatus contained pus. Lumbar puncture gave a clear fluid with a pressure of 350 mm., containing no cells and sterile on culture. Owing to some doubt as to the pressure reading a second lumbar puncture was done four hours after the first, with a similar reading. This was 5 p.m. At 1 a.m. next morning the Sister spoke to her and noticed no material change in her condition. Five minutes later she was found dead. At post-mortem the right lateral sinus contained ante-mortem clot as far as its junction with the superior longitudinal sinus. The left lateral sinus was normal and the smaller of the two. The superior longitudinal sinus was opened in its whole length and no gross changes found. On following this down to its posterior end the clot in the right lateral sinus became visible before the straight sinus or the left lateral sinus was opened, so that it appeared that the clot, originating in the right lateral sinus, was obstructing both lateral sinuses.
Dr. Dorothy Russell kindly examined sections. In the superior longitudinal sinus the lining endothelium was in places impregnated with a thick mat of fibrin. This was more conspicuous in the posterior portion than the anterior: in the latter one short segment of the endothelium alone showed this change. In the posterior part there were in addition occasional tongues of fibrin covering the surface of the endothelium in side channels of the main sinus bordered by arachnoid villi. No fibrin, however, was found on the actual surfaces of the villi. The findings in this case therefore suggested that the cause of the increased intracranial pressure was obstruction of venous outflow, not impediment of absorption of the cerebrospinal fluid. What then can be the explanation of the cases in which jugular compression causes an equal and normal rise on both sides? Barnes Woodhall (1936) has made anatomical studies as the result of which he questions the validity of Queckenstedt's test as evidence of lateral sinus obstruction, suggesting that in some cases the collateral circulation is so free that pressure set up by jugular compression may by-pass the obstruction. Yet if this be so one might expect the collateral circulation to work equally in the reverse direction preventing intracranial venous engorgement. It may be that the observation here recorded of clot extending from one lateral sinus far enough into the superior longitudinal sinus to obstruct the entrance of the other was a clue to the mechanism of increased intracranial pressure in those cases. More direct evidence should be obtained by X-ray using the method of injecting contrast media into the superior longitudinal sinus described by Frenckner (1937) .
The cranial nerve palsies associated with intracranial thrombophlebitis are of some interest. In the otitic cases with increased intracranial pressure the frequency of 6th nerve involvement-usually on the side of the affected ear, and therefore presumably on the side of the affected lateral sinus-is striking and suggests the possibility of a direct involvement of this nerve through the inferior petrosal sinus. If this be the correct explanation it might also hold for Gradenigo's syndrome and might explain why the 6th nerve palsy in a number of these cases develops from an acute otitis media with little or no pain or constitutional disturbance, and recovers without operative interference, the supposition in these cases being that there is an aseptic thrombosis of the sinus with extension of the inflammatory process through its wall to the nerve which lies adjacent to it in Dorella's canal. Much more rarely paralysis of the 9th, 10th and 11th nerves may be observed in association with otitis media, or with thrombophlebitis originating either in the lateral or the cavernous sinus.
In a paper dealing with cranial nerve palsies in otitis media I (Symonds, 1927) recorded four cases of this kind. One was that of a girl, aged 6, who after an acute left otitis media developed a left 6th nerve palsy at a time when her ear was discharging freely and her general condition was good. Shortly afterwards she had paralysis of soft palate, sternomastoid and trapezius on the same side. The mastoid was subsequently drained and complete recovery ensued. This case reviewed in the light of present speculation suggests thrombosis of inferior petrosal sinus by direct spread from the ear with first forward, and then backward extension. Involvement of the 9th, 10th
and 11th nerves has also been observed after lateral sinus thrombosis from tonsillar infection. I have recently seen a case of cavernous sinus thrombosis of the type which would almost certainly have been fatal before the introduction of sulfa drugs in which the symDtoms suggested an extensive spread into communicating venous channels. The origin of the infection was a cellulitis and the early signs those of a cavernous sinus) thrombosis with much proptosis and chemosis of the left eye, papillcedema and paralysis of all ocular movements, and comparable but incomplete signs on the right. After a critical period of septicaemia treated with sulphanilamide he recovered but developed paraesthesize on the right side of the face with complete paralysis of the 5th motor root. This recovered in the course of a week or two and paralysis of the right soft palate was then observed with loss of sensation in the glossopharyngeal distribution. Later he developed severe headaches with a raised cerebrospinal fluid pressure and epileptic attacks beginning with adversion to the left and becoming generalized. The story suggests extension of thrombophlebitis backwards on the. right along superior and inferior petrosal sinuses, and also to the cortical veins and possibly the superior longitudinal sinus. It seems likely that chemotherapeutic success in septicoemia may provide more opportunities of observing and classifying the clinical signs of intracranial thrombophlebitis than has previously been possible.
Miss Diana Kinloch Beck: In the experimental work to be described, Dr. Dorothy Russell and I have aimed at establishing, by some means, a spreading thrombophlebitis originating in the superior longitudinal sinus.
Despite certain authoritative statements to the contrary the experimental production of thrombosis in the peripheral veins has been shown to be quite a difficult problem but it might be supposed, from a consideration of certain well-known anatomical and physiological peculiarities cf the superior longitudinal sinus and its tributary veins, that efforts to produce thrombosis therein would be comparativelv easy.
So far as we are aware, onlv one attempt has been made in this direction. In one dog, Bize (1931) occluded the torcular Herophili and hind end of the superior longitudinal sinus with a tampon of iodoform gauze, and in a second dog he injected 1 c.c. of quinine urethane solution at the same site; in neither experiment was there any significant consecutive clinical or pathological change.
We have attempted by the following measures to induce thrombosis in the longitudinal sinus in rabbits, cats and dogs with remarkable lack of success.
(1) Indtucemenlt of stasis in the rabbit by occlusion of the lumen at one (four experiments) or two points (three experiments). No thrombosis was found after survival for periods varying from two davs to three weeks. We did not anticipate that this would be effective but considered that any possible effects of occlusion should be gauged before proceeding further.
(2) Combination of this procedure in the rabbit with the inijectioni of coagldants into the lumen: (a) A physiological coagulant: thrcmbin (five experiments); (b) a chemical coagulant: ethamolin (nine experiments).
In practice up to 0 1 c.c. of the coagulant was slowly injected into a segment of the sinus, occluded at either end for a period of two minutes. The dilutions of the thrombin used, though effecting coagulation in vitro, produced no effect in vivo. The ethamolin though not the thrombin, invariably produced thrombosis, in precisely similar circumstances in the marginal vein of the rabbit's ear, but failed to act similarly in the superior longitudinal sinus.
Repetition of the ethamolin injections in the dog (three experiments) similarly failed in their object.
(3) Heat coagtulationz (two experiments).-In two dogs the dorsal well of the sinus was cauterized down to the intima over segments measuring 0 4 and 1 5 cm. respectively. Examination after four and six days showed no thrombosis beyond minute fragments in the adjacent lacuince.
(4) Mechaniical blockage of the lumSlenl in dogs.-(a) By muscle: A portion of the temporal muscle, beaten into a small "stamp" was introduced (two experiments) through a small opening in the dorsal wall of the sinus by traction on an attached thread. The hacmorrhage incidental to this manoeuvre was immediately arrested on the entry of the muscle into the lumen. Although such muscle stamps are powerful hTemostatic agents in neurosurgical operations, thev failed to effect thrombosis in these experiments. We therefore, in a further series of four dogs, steeped the muscle in ethamolin for twenty to thirty minutes before inserting it into the sinus in order to injure the endothelium. No difference in effect was obtained. The muscle underwent organization and recanalization in the course of three months.
(b) By cottoni-wool soaked in ethamolinz (three experiments): It was considered that blockage by a foreign substance, such as cotton-wool, might effectively occlude the sinus for a longer period. In two of our animals slight dilatation of a lateral ventricle was found to coincide with a maximal blockage of the sinus (2 5 cm.). Though this asymmetrical dilatation was not impressive we felt it would be worth while to block an even greater length.
(5) For this we selected very young animals in view of the high incidence of sinus thrombosis in young subjects. A further advantage lay in the circumstance that the sutures in these animals were still open.
We succeeded in getting litters of young puppies and kittens aged 6 to 8 weeks. Bv using two elongated pledgets of ethamolinized cotton-wool, and passing these both fore and aft from a central point of entrv on the fully exposed sinus we succeeded in obliterating lengths varying from 1/2 to 5/6 of the whole longitudinal sinus. Transverse section of the sinus in all instances showed complete blocking of the lumen throughout the operation area; in time the cotton-wool fibres were subjected to the activity of macrophages and the area became organized by fibrous tissuLe containing blood-vessels.
In animals in which a maximal length of the sinus was occluded there developed fullness. of the veins of the fundus but there was no loss of definition of the disc edges. All our animals maintained perfect health up to the time of being killed, with the exception of one puppy which died thirty-six hours after operation, apparently from loss of blood.
In no experiment was there either thrombosis of the adjacent lumen in front of or behind the site of liockage, or of anv of the superficial cerebral veins. No ventricular dilatation appeared in any of the kittens. A variable but slight dilatation was found in the puppies. This difference may be explained by the paucitv of venous tributaries to the superior longitudinal sinus in the kitten. ThCugh these are more numerous in the dog, thev are fewer than in man. DiSCUSSION ' We are forced to conclude that, at any rate in the dog and cat, the greater part of the suLperior longitudinal sinus can be suddenly obliterated without any gross inconvenience to the animal. Evidently the collateral circulation is so good that it can at once compensate for such a disturbance. It should be noted that the anastomoses between cerebral and diploic veins, demonstrated by Cushing to be abundant and of great importance in the dog, were necessarily sacrificed in the operative exposure of the sinus wall.
It is possible that a condition analogous to that of "otitic hvdrocephalus" in man can only be produced experimentally by inducing a thrombosis that will spread from the main sinus into the adjacent lacuna_e and the mouths of the venous tributaries.
Reviewing the published reports of human cases of this kind one is struck by the frequency with which an infective process is present in some part of the body although the thrombosis of the intracranial sinuses is essentiallv aseptic. It may be-and the idea is not new-that tissue-immunity is a factor deserving of more attention in this connexion.
With this in mind we have recently been attempting to reproduce the Shwartzmann phenomenon in the walls of the superior longitudinal sinus in rabbits.
The mechanism of this reaction is unknown: in practice a sensitizing dose of a sterile filtrate prepared from a bacterial culture is delivered either into the skin, or in our attempts, to the scarified wall of the sinus. Within twenty-four hours a so-called precipitating dose of the same filtrate is injected intravenouslv. A positive reaction is shown bv henmorrhages and necrosis of the tissues at the site of sensitization. Up to date we have tried this in three rabbits only and have obtained necrosis and an inflammatory reaction in the pericranium and other soft tissues external to the dura. We await histological examination before reporting any reaction in the sinus wall.
(Th-is work when completed will be reported fully elsewhere.)
Reference.-BIZE, P. R. (1931) L'hydrocephalie ventriculaire. Paris.
Major John E. Scarff, U.S.A.M.C.: In 1933, while exploring the exposed cortex of a human subject on the operating table with an electric current, in search of an epilentogenic focus in a case of focal epilepsy, it was observed that the trigger zone was immediately adjacent to a large pacchionian granulation. On the assumption that this might be acting as an adhesion, the pacchionian granulation was divided thus freeing the vein at this point from its attachment to the superior longitudinal sinus. In doing this all of the com-mLinicating veins passing over the cortex to the sinus through the pacchionian granulation wvere necessarily ligated and divided. The improvement in the patient's epilepsy which followed this procedure warranted its repetition in other cases.
Between 1933 and 1942 one" or more pacchionian granulations with their attendant v,ein had been divided in 23 patients. In 3 of these for special reasons lysis of these grantulations was carried out bilaterallv.
Approximately half of these cases showed no physiological disturbance at all following the division of the superior communicating veins leading into the superior longitudinal sinus. Approximately half of the cases showed temporarv weakness of the contralateral extremities and a few cases showed transient aphasia. This disabilitv followed in degree from very slight to complete paralysis and complete aphasia: but in no instance did this disabilitv last longer than two to three weeks. These cases have all been followed closelv since operation and are in all essential respects neurologically negative. One or two of Coronal sections of brain with corresponding level from a normal control arranged on left. Note ventricular dilatation and infarct in right frontal region in lowest section as described in text. alteration in the size of the ventricle on the operated side. I do not know how to reconcile this experience with those reported by previous speakers. It should be pointed out, however, that in the cases which I have described, the occlusion of the veins was localized and probably not accompanied by thrombosis for any distance proximal to the ligature. This would facilitate the establishment of collateral circulation which, of course, would be impossible where thrombosis had been extensive.
Dr. Dorothy S. Russell: The uncertainty that still exists concerning the pathology of "otitic hydrocephalus" warrants the recording of the following case.
Clinical.-E. P., male, aged 15, factory worker. He complained, on November 8, 1938, of headache, vomiting and fever of sudden onset. Right otitis media was suspeoted but myringotomy was negative. On account of increasing drowsiness he was admitted to the London Hospital on November 26. On examination he appeared pale, ill and wasted. There was tenderness over the frontal sinuses, especially on the right side.
Nervous system.-Papilloedema equivocal. Left pupil slightly larger than the right, both reacted sluggishly to light, but fully on convergence. There was a concomitant squint due to weakness of the external recti. The other cranial nerves were normal, though one observer recorded weakness of the left facial muscles. There was weakness and wasting of the left upper limb, especially dorsiflexion of the wrist, and he complained of pain on hyperextension of the left fingers. There was weakness and slight spasticity of the left lower limb, most marked at the extremity. Thus there was almost complete paralysis of abduction of the foot and dorsiflexion of the ankle. The tendon reflexes were elicited as follows: supinator, right absent, left present; knee-jerks, both absent; ankle-jerks, right just present, left brisker; plantar responses, both sides flexor though at a later date (unspecified) the left became extensor. Astereognosis was recorded, but sensation was otherwise unimpaired. Kernig's sign was positive.
Further physical examination revealed bilateral pleural effusions and ascites, the result of extensive tuberculous infection.
Lumbar puncture on the day of admission yielded 20 c.c. of clear fluid under a pressure of 220 mm., containing 20 mg. of protein per 100 c.c., approximately 1 cell per c.mm.; chlorides (as NaCI) 680 mg.%; Wassermann reaction negative. Specimens withdrawn on December 6 and 22 were both sterile on culture.
Progress.-On November 30 the astereognosis had disappeared and there was improvement in the tone in the left upper limb and more power in the lower limb though there was still great weakness of the foot. The papilloedema had increased. Lumbar puncture yielded fluid under a pressure of 300 mm. On December 20 papilloedema had furlther increased, especially in the right eye. On December 28 a special examination revealed no sign of disease in the right ear, nor in the other air-sinuses. By January 4 the papillcedema had decreased, and at some date (unspecified) the 6th nerve palsy disappeared. The general condition of the patient steadily deteriorated and death took place on January 18, ten weeks after the onset.
Necropsy.-The subject was a greatly wasted, well-developed boy, in whom death was due to perforation of a tuberculous ulcer of the ileum. Organizing thrombus occupied the whole length of the superior longitudinal sinus and the right lateral sinus in continuity. In the latter there was macroscopic evidence of recanalization. The remaining dural sinuses appeared normal. Ante-mortem thrombus extended into many superficial veins over the cerebral convexities. There was no flattening of the convolutions and the leptomeninges appeared normal save for rusty pigmentation about the thrombosed veins. No excess of fluid was observed on the surface of the brain. On section a sharply defined area of greyish-brown necrosis, measuring 1-5 by 1-2 by 1 cm., occupied the hind end of the right superior frontal convolution (see fig.) . The ventricles were slightly and symmetrically dilated, including the 3rd ventricle (see fig.) . The aqueduct and 4th ventricle were not demonstrably dilated; the foramina in the latter were all patent. No evidence of tuberculous inflammation was found within the cranium. The right middle ear was moist; other accessory air-sinuses were normal.
Microscopic examination showed that organization of the thrombus in the right lateral sinus was more advanced than in the superior longitudinal sinus and recanalization was confined to the former. The arachnoid villi appeared normal and were not involved in the thrombosis. The hemorrhagic infarct in the right frontal lobe was enclosed by a zone *of foam-cells and macrophages containing pigment granules. Outside this there was a further zone of e-arly gliosis. The thrombus in the adjacent cerebral veins showed early stages of organization. Examination of the medulla oblongata and 4th ventricle through the foramina of Luschka revealed no histological abnormality.
Comment.-In this case we have evidence that aseptic sinus-thrombosis, presumablv of the so-called marantic type, began in the right lateral sinus and spread backwards into the superior longitudinal sinus. The left-sided paresis was accounted for by the parasagittal hoemorrhagic infarct in the hind part of the right frontal lobe. This paresis was present on admission to hospital, eighteen days after the onset of the illness. At that time the papilloedema was equivocal and the pressure of the cerebrospinal fluid but slightly raised. A few days later, however, papilloedema had definitely increased and the cerebrospinal fluid pressure was further raised. It would seem that the intracranial condition was improving when death took place from another cause. The subsidence of neurological signs may be correlated with recanalization of the thrombus. The p)ossibilitv must also be entertained that ventricular dilatation likewise was on the wane at the time of death.
Mr. D. W. C. Northfield: It is difficult to establish the correct diagnosis between cerebral thrombophlebitis and cerebral abscess in cases in which there is a primary paranasal or ear infection. Here are three recent cases: In the first, diagnosis was thrombophlebitis of the anterior part of the sagittal sinus, and cerebral veins, there being an indubitable intracranial spread of infection from frontal sinusitis and osteomyelitis. Ventriculography demonstrated a space-occupying lesion of the left frontal lobe, and extensive exploration' of the brain by needling on two occasions failed to reveal any brain abscess. Ultimately four abscesses were found and successfully removed from this region; I realise that I might have caused these by the needling. 1bn another somewhat similar case, the right frontal lobe was explored for abscess secondary to frontal sinusitis by a craniotomy, and only swollen brain was found. A few days later the wound was reopened, for fear that an abscess had been overlooked. The veins appeared normal, again no abscess was found but the brain was so swollen that the bone flap had to be sacrificed. The patient made a gradual recovery and has remained well. In a third case, a patient developed symptoms and signs following the extraction of a tooth, of involvement of the right occipital lobe by an expanding lesion. A diagnosis of thrombophlebitis was at first considered, but as the patient's condition was deteriorating, an exploratory craniotomy was performed. Thorough needling of the brain failed to reveal an abscess, and the original diagnosis appeared sound. At nost-mortem a few days later, a small abscess was found in the tip of the occipital pole. I should be grateful for guidance in the differential diagnosis.
Dr. Symonds, in reply to Mr. Northfield, said that thrombophlebitis not uincommonly provided a channel of infection which led to the development of a cerebral abscess. This complication should, therefore, be suspected in every case of cerebral thrombophlebitis. A useful point in his experience had been the examination of the cerebrospinal fluid. In the early stages of thrombophlebitis there might be a pleocytosis with slight rise of proteinf which tended as a rule to clear up quickly. A persistent or increasing abnormality in the cerebrospinal fluid suggested abscess formation. [March 2, 1944] DISCUSSION ON THE VISUAL PATHWAYS Professor W. E. Le Gros Clark: In the study of visual disturbances' there are a few anatomical points concerning the visual pathways which deserve consideration.-
The optic nerve in man contains about 1,000,000 fibres. These fibres vary in size and this denotes a variation in the speed of conduction of retinal impulses. The functional significance of the fast and slow conducting optic fibres is not definitely known, but at least it may be inferred that a timing factor is involved in normal visual processes, and it is possible, therefore, that disturbances in this timing factor may be associated with some types of visual dysfunction. It has been shown in the cat that retinal impulses to the lateral geniculate body are conveyed by the coarse, fast-conducting fibres, while those passing to the mid-brain centres are fine and slow-conducting. Indeed, the rate of transmission in these two types of fibre is so different that an optic impulse can be relayed by the geniculate body to the visual cortex, and then down to the mid-brain by cortico-tectal fibres, before it has reached the mid-brain directly. Thus it is theoretically possible for mid-brain reflex activities to be anticipated and modified by cortical influences initiated by the same retinal stimulus.
Direct optic connexions with the hypothalamus have been described from time to time.
There is no dokibt, however, that many statements which have been made concerning such connexions have been based on inadequate evidence or on the misinterpretation of histological material. For example, fibres have been stated to leave the optic chiasma and to pass upwards and backwards into the region of the tuber cinereum. Experiments made in mv own laboratory have shown that this so-called "hypothalamic root" of the optic tract is probably nothing more than an aberrant chiasmal fasciculus which, after passing upwards towards the hypothalamus, loops downwards again to join the optic tract of the onposite side. In lower mammals (rodents and marsupials) a connexion with the hypothalamic region or its immediate neighbourhood certainly does exist by way of a fasciculus called the posterior accessory optic tract, which leaves the main tract near the lateral geniculate body, crosses obliquely the crus cerebri (as a part of the transpeduncular
